Summary During a survey on the biodiversity of plant-parasitic nematodes in citrus orchards of Khuzestan province (Southwestern Iran), 97 root and soil samples were collected. Nematodes were extracted and identified using morphological and morphometric diagnostic characters. Six nematode species were identifi ed, namely: Helicotylenchus abunaamai, H. crenacauda, Pratylenchus allius, P. musii, Psilenchus hilarulus and Tylenchulus semipenetrans. Except T. semipenetrans, the remaining fi ve species were found only in the rhizosphere of citrus, not in citrus roots, and their pathogenicity on citrus plants was not further studied. This is the fi rst record of P. allius and P. musii for the nematode fauna in Iran. H. crenacauda is a new record for the nematode fauna in the Khuzestan province and is reported for the fi rst time in citrus orchards in Iran. To our knowledge, this is the fi rst report of H. abunaamai in citrus orchards worldwide.
Introduction
Citrus is indigenous to southeastern Asia but has existed in Mediterranean basin for centuries. Species of citrus have great importance in some Mediterranean regions (Duarte et al., 2016) . Iran is the eighth largest producer of citrus in the world. In 2017, Iranian citrus fruit production reached 4,067,000 tons (FAOSTAT, 2017) . Khuzestan province is one of the major citrus-producing regions in the country.
A wide range of plant-parasitic nematodes has been associated with the citrus rhizosphere but only some species cause damage to the trees (Verdejo-Lucas and McKenry, 2004) . The citrus nematode (Tylenchulus semipenetrans Cobb, 1913 ) causes a slow decline of citrus all around the world and restricts citrus fruit production under a wide spectrum of environmental conditions (Duncan, 2005) . Spreading decline is a serious disease of citrus caused by Radopholus similis (Cobb, 1893) Thorne, 1949 that only occurs in Florida's central ridge (Duncan, A plentiful of plant-parasitic nematode species have been associated with the citrus rhizosphere in Iran. T. semipenetrans and Diphtherophora communis (de Man, 1880) have been associated with citrus in Fars province (Abivardi et al., 1970) . Meloidogyne javanica (Treub, 1885) Chitwood, 1949 from sour orange (C. aurantium) in Khuzestan province (Akhiani et al., 1984) , Hemicriconemoides chiwoodi Esser (1960) , Helicotylenchus pseudorobustus (Steiner, 1914) Golden, 1956 , Boleodorus thylactus Thorne (1941) from orange (C. sinensis) in Kerman province (Jahanshahi afshar et al., 2006) , Scutellonema brachyurus (Steiner, 1938) Andrassy, 1958 from citrus in Golestan province (Tanha Maafi et al., 2006) and Helicotylenchus macronatus Mulk and Jairajpuri (1975) have been reported from lemon (C. limon) in Kerman province (Ali Ramaji et al., 2006) .
In the study by Divsalar et al. (2011) , 27 species of plant-parasitic nematodes have been identified from the citrus rhizosphere in Gilan and Mazandaran as Criconemoides xenoplax Raski (1952) , Filenchus facultativus (Szczygiel, 1970) Raski and Geraert (1987) , Helicotylenchus exallus Sher (1966 ), H. vulgaris (Yuen, 1964 , Ogma civellae (Steiner, 1949) Raski and Luc (1987) , Paratylenchus nanus (Coob, 1923) , Pratylenchus loosi (Loof, 1960) , P. neglectus, P. jaehni, P. zea and Psilenchus hilarulus (de Man, 1921) . Also, Hemicriconemoides chitwoodi and Tylenchorhynchus agri (Ferris, 1963) have been found associated with the rhizosphere of citrus in Kerman province (Rashidifard et al., 2014) .
There is very little information about plant-parasitic nematodes associated with citrus orchards in Khuzestan province. To fi ll this gap, this study aimed to determine the plant parasitic nematodes of citrus in Khuzestan province, Southwestern Iran using morphological and morphometric data.
Material and methods
About 97 root and soil samples were collected from citrus orchards in the Khuzestan province, Southwestern Iran. T. semipenetrans was extracted from the roots based on the Coolen and D'Herde method (1972) . Roots were washed, cut in pieces and processed for nematode extraction by blender followed by centrifugal fl otation. The roots were stained (Hooper et al., 2005) and immature and mature females were observed on the root surfaces.
Soil samples were taken from 5 to 40 cm depth from diff erent regions. Then the soil samples were put in a polyethylene bags with pertinent information about each sample, then brought to the laboratory and kept in the refrigerator at about 4°C until they were processed for nematode extraction.
The Jenkins (1964) method was used to extract the nematodes from soil samples. The collected specimens were killed in hot 4% formaldehyde solution, transferred to anhydrous glycerin according to De Grisse's (1969) method. In some samples, the tray method (Whitehead and Hemming, 1965) was employed to obtain a suspension of nematodes from the soil. Nematodes were mounted in a small drop of glycerin on permanent slides. Observations and measurements were done using an Olympus CX31 light microscope equipped with a drawing tube. Some of the best-preserved specimens were photographed using an Olympus DP12 digital camera attached to an Olympus BX51 light microscope. Nematode species were identifi ed based on morphological and morphometric characters using valid keys such as Siddiqi 2000; Castillo and Vovlas, 2007; Geraert, 2008; Geraert, 2013. 
Results and discussion
Based on morphological and morphometric characters, six species of plant-parasitic nematodes were identifi ed, namely: Helicotylenchus abunaamai Siddiqi (1972) , H. crenacauda Sher (1966) , Pratylenchus allius (Shahina and Maqbool, 1996) Siddiqi (2000) , P. musii Choudhury and Phukan (1989) (Siddiqi, 1972) Figure 1 (a-h) MEASUREMENTS (Table 1) The general morphology of the recovered population of the species resembles the characters given in the original description (Siddiqi, 1972) . However, the length of the stylet is slightly shorter (18-21.5 vs. 21-22 μm). This species has been reported from Malaysia (Sauer and Winoto, 1975) , Pakistan (Firoza and Maqbool, 1991) , Thailand (Mizukubo et al., 1992) and Turkey (Kepenekci, 2002) . There is no signifi cant diff erence between our population and these populations. Kashi and Karegar (2014) reported on the presence of the same species from sugarcane in Haft-Tappeh, Khuzestan province, Southwestern Iran. Their population has differences with the main description and our population. These diff erences are in body length (600-779 vs 515-611 μm), ratio c (24.2-33.7 vs 37.6-48.2), ratio c' (1.4-1.98 vs 1-1.2), length of stylet (23.3-26.8 vs 18-21.6 μm) and tail length (20-29 vs 11-14 μm).
Helicotylenchus abunaamai
In the present study, this species was recovered from 8.8% of soil samples from the rhizosphere of citrus, sour orange, lemon and tangerine in the vicinity of Dezful city, Khuzestan province, Southwestern Iran. To our knowledge, this is the fi rst report of H. abunaamai in citrus orchards worldwide.
Helicotylenchus crenacauda (Sher, 1966)
Figure 1 (i-p) MEASUREMENTS (Table 1) The general morphology of the recovered population of the species resembles the characters given in original description (Sher, 1966) . This species has been reported from the rhizosphere of rice in Gilan (Pedramfar et al., 2002 and Karegar, 2014) , ornamental plants in Mahallat (Mohammad Deimi et al., 2008) In the present study, this species was recovered from 10.7% of soil samples from the rhizosphere of sour orange and lemon in the vicinity of Ahvaz (GPS coordinates: 31° 19' 5.9" N 48° 40' 14.2" E), Dezful, Izeh (GPS coordinates: 31° 49' 26.3'' N, 49° 52' 12.3'' E) and Baghmalek cities, Khuzestan province, Southwestern Iran. This is the fi rst report of H. crenacauda in citrus orchards in Iran and a new record for the nematodes fauna in Khuzestan province.
Pratylenchus allius (Shahina and Maqbool, 1996) Siddiqi (2000)
Figures 2, 3 (a-d) MEASUREMENTS (Table 2 ) DESCRIPTION (Shahina and Maqbool, 1996) . However, the length of DGO and the number of tail annuli in our population are slightly higher than that given in the original description (0.9-1.3 vs 0.6-1 μm and 22-33 vs 25-26 respectively). This species was originally described by Shahina and Maqbool (1996) as Radopholus allius. Siddiqi (2000) examined the paratype of the species and found that it belongs to the genus Pratylenchus. Castillo and Vovlas (2007) considered P. allius as a new junior synonym of P. thornei. Geraert (2013) considered P. allius as a separate species from P. thornei and mentioned that the stylet is larger in P. thornei (15-19 vs 14-15.5 μm). We found more diff erences. In P. allius, the length of DGO is shorter (0.6-1 vs 2-3 μm), without male (vs rare male), tail tip only rounded (vs bluntly rounded or truncate) in P. thornei. We agree with Geraert's opinion and P. allius is considered here as separate species from P. thornei.
In the present study, this species was recovered from 14.7% of soil samples from the rhizosphere of orange and tangerine in the vicinity of Shush and Baghmalek cities, Khuzestan province, Southwestern Iran. This is the fi rst record of P. allius for the nematode fauna in Iran.
Pratylenchus musii Choudhury and Phukan (1989)
Figures 3 (e-m), 4 MEASUREMENTS (Table 2) of body diameter. The labial region is low, flattened and slightly off set, 1.6-2.3 μm high and 6-7.8 μm wide at base, with two annuli. The framework is strongly sclerotized. The stylet is strong and relatively short, Stylet knobs well-developed, rounded, 1.8-2.4 μm high and 3.6-4.5 μm wide. The median bulb is oval in shape, 10.8-12 μm long and 9.6-11.4 μm wide, 40-51 μm from anterior end. Nerve ring surrounds isthmus. Oesophageal glands overlap the intestine ventrally about two times the body width, three gland nuclei almost in tandem. Excretory pore slightly higher than the pharyngo-intestinal valve. Hemizonid is about two annuli wide, 1-3 annuli anterior to excretory pore. Genital system monodelphic-prodelphic, ovary outstretched. Anterior branch is well developed, 132-143 μm long. Spermatheca is oval in shape, with sperm. Ovary with oocytes arranged in one or two rows. Vulva a transverse slit, posteriorly located, lateral flaps and epiptygma absent. The vagina is about 6.5-8 μm long. Post-vulval uterine sac more than one-time vulval body width. Tail cylindrical, terminus rounded, with annulation. Phasmids pore-like in shape, 11-15 annuli anterior from the tail terminus. Male: Not found. REMARKS According to the morphological characters and morphometric data given in Geraert (2013), there were no diff erences between the Iranian population of P. musii and the original description. However, the postuterine sac length is shorter (14-18.5 vs 22-30 μm).
The species was originally recovered from the rhizosphere of banana and described by Choudhury and Phukan, 1989 from Assam, India (Geraert, 2013) . In a study of nematode community associated with banana in Assam, India, Deori et al., 2014 found that P. musii was one of the predominant nematode species around the banana rhizosphere.
In the present study, this species was recovered from 9.8% of soil samples from the rhizosphere of orange and tangerine in the vicinity of Shush city, Khuzestan province, Southwestern Iran. This is the fi rst record of P. musii for the nematode fauna in Iran.
Psilenchus hilarulus de Man (1921)
Figure 5 MEASUREMENTS (Table 3) Iranian population of P. hilarulus is in morphological and morphometric agreement with the original description (Geraert, 2008) . However, the length of female body is shorter (640-845 vs 890-1150 μm) . This species has been reported from the citrus rhizosphere in Mazandaran province, Iran (Divsalar et al., 2011) . Also, has been reported from the rhizosphere of sugarcane in Khuzestan province, Iran (Kheiri, 1995) . In the present study, this species was recovered from 20.5% of soil samples from the rhizosphere of orange, lemon and sour orange in the vicinity of Shush, Dezful, Ramhormoz, Baghmalek and Ramin cities, Khuzestan province, Southwestern Iran.
Tylenchulus semipenetrans Cobb (1913)
Figure 6 MEASUREMENTS (Table 4) Characters measured in Khuzestan population of T. semipenetrans are consistent with other populations including Inserra et al. (1988) and Rashidifard et al. (2015) . However, the length of the stylet in second stage juveniles (J2) is slightly shorter (9.5-12.5 vs 12.2-13.2 μm).
T. semipenetrans has been reported from the roots of various plants like citrus (Fars, Mazandaran, Golestan, Lorestan, Khuzestan, Kerman, Boushehr and Hormozgan provinces), olive (Kermanshah and Mazandaran provinces) and grape (Mazandaran and Markazi provinces) in Iran (Ghaderi et al., 2012) . Also, has been reported from the root samples of pomegranate in Kerman province (Rashidifard et al., 2015) . In the present study, this species was recovered from 19.9% of root samples from the rhizosphere of orange, sour orange, lemon and tangerine in the vicinity of Ahvaz, Abadan, Ramin, Shush, Dezful, Baghmalek, Andimeshk, Behbahan cities, Khuzestan province, Southwestern Iran. 6 ± 0.6 (5-6.7) 5.9 ± 0.7 (4.8-6.8) c 7 ± 0.5 (6-7.6) 6.1 ± 0.4 (5.6-6.7) c' 10.1 ± 0.9 (8.6-11.6) 10.1 ± 1 (8. 6.6 ± 1.3 (4.5-7.9) 28 ± 2.8 (24-32) 34.1 ± 1.9 (32-36.7) b -3.4 ± 0.1 (3.2-3.5) 5 ± 0.6 (4-5.5) St 10.5 ± 1.2 (9.5-12.5) 11 ± 0.8 (9.5-12.5) 8.5 ± 0.8 (8-9.5) DGO 6 ± 1.9 ( -33.5 ± 3.7 (28.5-38) 
